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The types of cancer studied by Klau and
his colleagues are called non-Hodgkin
lymphomas - various malignant cancers
originating in white blood cells and
spread by the lymph node system. The
disease is rather common, with several
hundred patients in the Netherlands
being diagnosed each year. In order to
ensure a good prognosis and provide the
best treatment, it is important to recog-
nize the specific subtype of cancer that
is involved. These cancer subtypes can
be distinguished by a different kind of
gene expression, ie the way genetic
information is converted into functional
products like proteins. 
In molecular biology, the focus of
research has recently shifted from
decoding genetic sequences to analysing
interactions that take place among genes
and proteins. This is part of a new
approach called systems biology. It is
important to understand these interac-
tions, since proteins do not function in
isolation. They interact with each other
and with other biomolecules to form
molecular machines. These interactions
are described by protein interaction net-
works. Huge amounts of experimental
data on these networks are emerging
from new high-throughput techniques
like micro-arrays. Finding in a big net-
work an active part (a subnetwork) that
might contribute to the disease is like
finding a needle in a haystack. When
two thousand proteins are involved in a
network, up to 4 × 106595 candidate sub-
networks must be investigated. 
In spite of the apparent impossibility of
this task, Gunnar Klau found a new
method with which to tackle it. How
does it work? “Compare it to city heat-
ing,” Klau explains. “You can have big
houses and small houses, far away or
close by. Big houses that are located
close by are most profitable for the
energy company. Due to their short
lengths, the pipelines are not too expen-
sive. On the other hand, a small house
far away is not profitable and will prob-
ably not be connected to the city heat-
ing network at all. Traditional optimiza-
tion methods only sought the big houses
nearby and stopped calculating the
moment they noticed a less favourable
connection. However, it is possible that
just beyond the small house a group of
big, profitable houses can be found. Our
method can find these kinds of groups.” 
In Klau’s metaphor, a group of big
houses stands for an active protein sub-
network. The problem of finding these
subnetworks is very difficult: in mathe-
matical terms it is known as ‘NP com-
plete’. The lymphoma networks studied
in this research count about 2000 nodes
and 8000 connections. Klau used meth-
ods from discrete optimization to avoid
looking at the exponential number of all
subnetworks. First, he made a mathe-
matical transformation to a known prob-
lem, the Prize Collecting Steiner Tree
(PCST) problem. Then, together with
statisticians from Würzburg, he devel-
oped a toolkit called ‘Heinz’. Using data
from medical experts, it took Heinz only
a few minutes to enumerate possible
interesting subnetworks!
Klau and his fellow researchers tested
his system with known medical data,
and found not only familiar subnet-
works but even possible new interesting
ones. The method is already better and
faster than existing ones. “We still have
to improve its accuracy and robust-
ness,” Klau says. “High-throughput
biological data are extremely noisy, and
the hidden subnetwork signals are quite
weak.” 
In future, Klau wants to improve the
model by integrating additional data
sources to find biologically even more
meaningful subnetworks. Klau: “This
influences the mathematical model,
because also the connections in the net-
work will receive a score, based on co-
expression of the two connected pro-
teins. Then, the elegant transformation
to the PCST-problem will not work
anymore. We deal – mathematically –
with a totally new problem, for which
own theory has to be developed”.  
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What does a disease like lymph cancer have in common with city heating? This unusual association
popped up when CWI researcher Gunnar Klau discussed his work with a fellow researcher. Klau
now exploits maths originally developed for optimizing heating networks to analyse data from
cancer patients. His method appears to be faster and better than previous ones, and it is hoped
that his results will help doctors in understanding the disease and in the end contribute to the
quest for new and better medicines. 
Lymphoma cancer cells. Picture: Dr. Lance Liotta Laboratory.
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In the long term, it might be possible to
analyse specific patient data faster with
Klau’s method. The pilot study has
shown that it can distinguish between
two types of lymphoma cancer. It might
also recognize healthy patients from ill
ones. “There is still a long way to go
before this research can be applied in
hospitals,” Klau says. “However, I
expect that it can help in studying net-
work properties, identifying disease-
related subnetworks, and network-
based disease classifications. Ulti-
mately, I hope the subnetworks com-
puted with my mathematical methods
will help to create new biological and
medical knowledge which might lead to
better cures.” 
For this research, Klau and his fellow
researchers won the Outstanding Paper
Award at the prestigious ISMB 2008
(16th Annual International Conference
Intelligent Systems for Molecular Biol-
ogy) in Toronto, Canada. He cooperates
closely with medical research partners
like the Nederlands Kanker Instituut
(NKI). “CWI finds it important to do
this kind of interdisciplinary research,”
Klau says. “We started a full Life Sci-
ences Research cluster in 2009, to give
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Many research institutions subscribe to
various providers of digital libraries,
the subscription fees for which are often
substantial. Institutions must therefore
evaluate which digital libraries are used
most frequently, which should be used
frequently (but aren’t), and which orga-
nizational unit uses each particular
library the most. The results of the eval-
uation are used to optimize the portfolio
of digital libraries to which the institu-
tion subscribes. 
Digital library providers usually offer
their own detailed statistical reports.
These are clearly very useful for
analysing the utilization of the selected
library on its own. However, several
difficulties exist. First, each provider
offers its reports in a different format,
making it hard to compare usage values
for different providers. The second
problem appears especially in larger
institutions. In many cases it is unnec-
essary for the entire institution to sub-
scribe to a given library: only certain
organizational units will require access.
The summary reports for the whole
institution are therefore unhelpful,
because larger institutions want to
break the usage figures down by organi-
zational unit. 
We have developed a method to deal
with these problems. It uses data on net-
work traffic collected by a hardware
probe. The probe is attached to the point
at which the institution is connected to
the Internet. It collects the network traf-
fic going to and from all computers
located in the institution’s local net-
work. The collected data are filtered
according to the digital libraries we
want to monitor, and the results are
aggregated, visualized and collated into
reports. We measure the amount of data
transferred from the digital library
servers, the number of connections and
the number of unique IP addresses that
are connected to the digital library
servers.
This research is taking place in the
Institute of Computer Science at
Masaryk University in the Czech
Republic, in collaboration with the Fac-
ulty of Informatics. It has resulted in an
application called MyLibScope, which
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A group at Masaryk University has developed a method that creates comparable statistical
reports on the use of heterogeneous digital libraries. It achieves this by analysing network
traffic to selected digital library repositories. Such statistical reports are crucial, particularly
to aid institutions in evaluating and optimizing their digital library portfolios. 
Figure 1: Dynamic mindmaps in MyLibScope analytical desktop application - expanded nodes
and edges with more information about usage within selected faculty and digital library.  
